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I.   INTRODUCTION 
 
The protection relays are essential not only for the 
reliability of the power system, but also for assuring the safe 
operation under faulty conditions. In generation power plants, 
protective systems are vital to guarantee the safety of the 
personnel and to minimize the possible damage on the power 
components and equipment during any type of events [1]. 
 
The correct setting and coordination of the protection relays 
is also extremely important, since inaccurate setting might lead 
either to the disconnection of the generation unit from the 
power system in some events that do not represent a real 
danger, or disabling a trip when it is necessary. This fact is not 
only an economical matter but also a stability issue in power 
systems, above all in power system with a high renewable 
energies  penetration.  The  settings  of  the  protections  are 
selected according to the recommendations of the main 
standards and manufacturer guides as [2]. 
 
The loss of excitation in synchronous machines is a very 
active research topic, some new techniques, as the calculation 
of the internal voltage [3], adaptive Mho relays [4], setting-free 
relay [5] and other new developments [6]-[8]. 
 
There are several ways to protect the machines against loss 
of excitation, nowadays mainly the minimum reactance relay is 
used [9]. 
 
Traditionally the generators produce the reactive power 
demand for the loads. In the case of factories, the power factor 
is close to one, and the industrial generators produce the 
reactive power demanded by the factories. 
 
However, with the liberalization of the electrical markets, 
in some cases the absorption of reactive power to help in the 
voltage  regulation   is  subsidized,  for  example  in  the  Spain. 
 
 
Therefore, it is important to operate safely the generator in the 
sub-excited area. There have been several unwanted trip on 
some generators when operating in this conditions by the loss 
of excitation relay (40). After the analysis of several unwanted 
trips, we found several reasons, as: 
 
-Wrong wiring of the protection relays. 
 
-Wrong settings of the automatic voltage regulator. 
 
-Wrong settings of the loss of excitation protection. 
 
The normal practice for setting the loss of excitation 
protection (40) is to follow the recommendations of the relays 
manufacturers as [2]. However, there are different 
recommendations, all of them based on the direct-axis 
synchronous reactance Xd and sub-transient direct-axis 
synchronous reactance Xd´. 
 
In order to ensure the correct operation of this protection, it 
should be coordinated with the P-Q capacity curve of the 
synchronous machine. [10] 
 
So that the area of operation of the relay is outside the 
allowed  zone  of  operation  of  the  synchronous  machine. 
Another important issue, for the proper operation of the 
machine, is the setting of the automatic voltage regulator 
(AVR), in order to not operate the generator out of theirs limits. 
 
This paper presents a review of different setting 
recommendation from several relay manufacturers and its 
representation into the PQ diagram together with the generator 
capacity curve. Additionally numerous simulations have been 
performed in order to check the setting´s operation. 
 
 
II.  MINIMUM REACTANCE LOSS-OF-EXCITATION PROTECTION 
OPERATION PRINCIPLE. 
 
The synchronous machines need a DC current in the field 
winding to operate correctly. If a lack of current in the field 




 protected area. In case of this failure the pole slip protection 
(ANSI 78) should trip, but not the loss of excitation 
protection. In this case the coordination should be done as the 
tripping time of the pole slip protection should be faster than 
the loss of excitation. 
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Fig. 15. Generator currents simulation results of a short-circuit in 220 kV of 
220 ms of a loss of excitation. 
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Fig. 16. Generator load angle simulation results of a short-circuit in 220 kV of 
220 ms. 
VI. CONCLUSIONS 
 There are several recommendation setting of the loss of 
excitation protection, all of them based on generator 
reactances. A review has been presented in Table I. 
 According to the simulations all the proposed setting are 
suitable for a loss of excitation detection. 
 However some of the proposed settings could produce 
unwanted trips in case of reactive power absorption at low 
active load. This settings correspond to a X1 larger than Xd , so 
the protection area overlap with the generator curve capacity.  
In case of an external faults as short-circuits in the power 
system, the loss of excitation protection should not trip. It is 
possible than the impedance at generator terminals go into the 
loss of excitation protected area. In this case the coordination 
with other protections, as pole slip, or minimum impedance 
protections should be done by different tripping time settings. 
This should be study by the use of computer power system 
simulators. 
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